ABSTRACT An experiment was conducted to estimate optimal dietary arginine requirement in White Pekin ducks from 1 to 21 d of age. Six hundred thirty 1-dold male White Pekin ducks were randomly allotted to 10 dietary treatments with 7 replicate pens of 9 birds per pen. Birds in each group were fed corn-corn gluten meals diet containing 0.71, 0.84, 0.95, 1.03, 1.17, 1.27, 1.39, 1.47, 1.62, and 1.72% arginine, respectively. At 21 d of age, weight gain, feed intake, feed/gain ratio, and breast meat yield from each treatment were measured. Dietary supplementation of arginine significantly improved weight gain, feed intake, feed/gain, and breast meat yield (P < 0.01). Based on quadratic broken-line regression analysis, the arginine requirement of male White Pekin ducks from 1 to 21 d of age was 0.95, 1.16, and 0.99% for weight gain, feed/gain, and breast meat yield, respectively.
INTRODUCTION
Arginine is an essential amino acid in poultry (Edmonds et al., 1985; Wu et al., 2009 ) and plays important physiological roles in poultry growth. Supplementation of arginine to diet can increase performance, improve carcass quality, and enhance immunity in chickens and ducks (Kwak et al., 1999; Kidd et al., 2001; Labadan et al., 2001; Munir et al., 2009; Wu et al., 2009 Wu et al., , 2011 . However, arginine cannot be synthesized and must be provided through diet to support growth of poultry (Wu et al., 2009) . Like the broiler, the White Pekin duck is a fast-growing and efficient producer of animal proteins (Adeola, 2006) . The arginine requirement of NRC (1994) for 0 to 2 and 2 to 7 wk of age for White Pekin Ducks is 1.1 and 1.0%, respectively. However, the value is derived from mule ducks from a study conducted by Chen and Shen (1979) . The White Pekin duck grows faster than the mule duck, and the growth performance of modern Pekin ducks has increased greatly in the past 30 yr. As the growth performance has been significantly improved, dietary amino acids also need to be elevated accordingly to meet the faster growth of modern ducks, which has been verified in lysine and methionine (Bons et al., 2002; Xie et al., 2006 Xie et al., , 2009 . So far, there have been few studies on arginine requirements in ducks, and the requirement for this amino acid is still unclear for modern strain of duck. Therefore, the objective of the study was to estimate arginine requirement for modern Pekin ducks from 1 to 21 d of age.
MATERIALS AND METHODS
All procedures of present study were approved by welfare committee of the Institute of Animal Science of Chinese Academy of Agricultural Sciences.
Birds and Housing
The response to dietary arginine was determined for ducks from 1 to 21 d of age in the present experiment. Six hundred thirty 1-d-old male Z4 White Pekin ducks with an initial BW of 57.63 g obtained from Pekin duck breeding center in Chinese Academy of Agricultural Sciences were randomly allocated to 10 dietary-arginine treatments with 7 replicate pens of 9 birds per pen. Experimental birds were kept in plastic-wire-floor pens in an environmentally controlled duck house; the size of each pen was 100 × 100 × 40 cm. The temperature was set at 28°C from 1 to 3 d of age, at 26°C from 4 to 7 d of age, at 25°C from 8 to 14 d of age, and at 22 to 20°C from 15 to 21 d of age. All birds had free access to pelleted feed, and drinking water and lighting was provided continuously. (Table 1) , and l-arginine was added to the basal diet at the expense of corn to obtain experimental diet containing 0.82, 0.93, 1.04, 1.15, 1.26, 1.37, 1.48, 1.59, and 1.70% arginine, respectively. l-Alanine was also supplemented to experimental diet to keep the isonitrogenous level in all experimental diets according to Tan et al. (2009) . Except for the arginine content of the basal experimental diet, all nutrients meet the recommendations for starter ducks as established in the Nutrient Requirements of Meat-type Ducks of China (Ministry of Agriculture of China, 2012). Contents of arginine and other amino acids in experimental diets were analyzed by ion-exchange chromatography with an amino acid analyzer (L-8900, Hitachi, Tokyo, Japan) after acid hydrolysis according to the method recommended by the Standardization Administration of China (2000). The analyzed arginine concentrations in the 10 experimental diets were 0.71, 0.84, 0.95, 1.03, 1.17, 1.27, 1.39, 1.47, 1.62, and 1.72%, which were close to the calculated arginine values.
Measurements
At 21 d of age, the weight gain, feed intake, and feed/gain of ducks from each pen were measured. Feed intake and feed/gain were all corrected for mortality.
Two ducks were selected according to the average BW of corresponding pens, euthanized by CO 2 inhalation, and bled. Birds were then immersed into hot water at 60°C for 2 min, scalded, picked, and eviscerated manually. Breast meat (including pectoralis major and pectoralis minor) and leg meat (including thigh and drumstick) were removed from carcasses and weighed. Breast and leg meat yield were expressed as relative weight to live BW at processing.
Statistical Analysis
Data were subjected to one-way ANOVA using the GLM procedure of SAS (SAS Institute, 2003) . Dietary arginine requirement were estimated using quadratic broken-line regression model by the NLIN procedure of SAS (SAS Institute, 2003) :
where y = weight gain, feed/gain, or breast meat yield; x = the dietary arginine level; u = the slope of the curve; r = the requirement of dietary arginine; and l = y when x is equal to r.
RESULTS AND DISCUSSION
In this study, corn gluten meal as a major ingredient was used to formulate a low-arginine basal diet for its lower arginine content. However, due to the high content of leucine in corn gluten meal, the experimental diets created a high concentration of leucine (2.68%). An excess of dietary l-leucine retards the growth of rats fed low-protein diets or diets deficient in isoleucine, but does not retard growth when adequate dietary protein is provided (Harper et al., 1955) . In contrast, in chickens, an excess up to 4% l-leucine does not retard growth (Edmonds and Baker, 1987; Labadan et al., 2001; Erwan et al., 2008) . In previous studies, a diet containing a large percentage of corn gluten meal has been successfully used to determine the requirement of arginine (Labadan et al., 2001 ) and the effect of arginine on immunity in broiler (Kidd et al., 2001) . In the present trial, enough CP and branched-chain amino acids (isoleucine and valine) were provided; consequently, leucine level in the diet should not affect accuracy of the experiment.
As shown in Table 2 , weight gain, feed intake, and feed/gain of male ducks responded quadratically to incremental dietary arginine supplementation (P < 0.05), and the low arginine diet significantly decreased feed intake, greatly reduced growth, and increased feed/ gain (P < 0.05). The result is consistent with previous studies in chickens by Kwak et al. (1999) and Labadan et al. (2001) . In the past, linear broken-line regression was normally used to estimate arginine requirement of broilers and ducks (Chen and Shen, 1979; Labadan et al., 2001 ). However, the linear broken-line regression yielded an underestimated nutrient requirement (Rob- (Pesti et al., 2009; Strathe et al., 2011) . Therefore, the quadratic broken-line regression was used to estimate the arginine requirement of Pekin ducks in our study. According to this regression, the arginine requirement was 0.95% of the diet for weight gain and 1.16% of the diet for feed/gain, respectively (Table 3) . The values are very different from previous data in mule ducks by Chen and Shen (1979) , who reported that the minimal requirement of arginine for maximum growth and optimal feed conversion efficiency was 1.08% of the diet. This discrepancy may be attributed to differences in dietary ingredients, duck strain, and mathematical model to estimate the requirement between the 2 experiments. The 1.16% of dietary arginine requirement in our study is higher compared with the recommended requirement for White Pekin ducks by the NRC (1994). However, the value of NRC (1994) is based on a study in mule ducks, our experiment is the first to estimate the arginine requirement of starter White Pekin ducks. Breast meat is one of main edible parts in duck, and higher yield of breast muscle means higher economic value for duck producers. Arginine was reported to elevate breast muscle yield in broiler (Labadan et al., 2001) and growing duck (Wu et al., 2011) , and stimulate protein synthesis of longissimus muscle by the mammalian target of rapamycin pathway in neonatal pigs (Yao et al., 2008) . The present trial showed that the improvement of breast meat yield caused by increasing arginine took place in the starter period and suggested that dietary arginine supplement significantly increased breast meat yield (P < 0.05; Table 2 ). Breast meat yield has been recently used as an important indicator to estimate the amino acid requirement in ducks (Bons et al., 2002; Xie et al., 2006 Xie et al., , 2009 and chickens (Labadan et al., 2001) . In lysine trial for broilers, birds fed lysinedeficient starter diets had poorer breast meat yield at market age than those fed lysine-adequate starter diets, although the lysine-adequate diets were fed to all birds during the subsequent growing period (Kidd et al., 1998) , implying that deficiency of dietary amino acid in starter period of birds would retard breast meat development in the subsequent period. Therefore, the effect of arginine on breast meat was considered and the requirement for this meat was discussed. Quadratic broken-line regression analysis of breast meat yield data indicated the dietary requirement to be at 0.99% of diet in White Pekin ducks from 1 to 21 d of age. Dietary arginine supplement increased breast meat yield (P < 0.05), suggesting development of breast meat is more sensitive to dietary arginine. However, addition of dietary arginine did not affect leg meat percentage to fasted live weight (P > 0.05), therefore, leg meat was not considered as criteria for arginine requirement estimation in the present study. In our study, arginine requirement for breast meat yield was slightly higher than that value for BW gain in our experiment, which was similar to the requirement estimation of arginine and lysine in chickens and ducks (Labadan et al., 2001; Bons et al., 2002; Xie et al., 2009 ). The requirement of arginine (1.16%) for feed/gain was higher than that for weight gain, which was further supported by our results that the CI of requirement for feed/gain went beyond the CI for weight gain (Table 3) . Furthermore, the CI of requirement for feed/gain was much wider than the CI for weight gain or breast meat yield. Therefore, the requirement for weight gain and breast meat was more accurate than the value for feed/gain in our study.
In conclusion, supplementation of arginine in the diet could improve growth performance and breast meat was sensitive to increasing dietary arginine. Based on quadratic broken-line regression analysis, the arginine requirement for male White Pekin ducks from 1 to 21 d of age is 0.95, 1.16, and 0.99% of the diet for maximum weight gain, feed/gain, and breast meat yield, respectively.
